In systems with early stage sex-chromosome evolution, climate gradients can largely explain changes in the sex-determining systems (i.e., genetic or environmental factors). However, in the common frog Rana temporaria, Phillips et al. found that phylogeography, rather than elevation (used as a proxy for climate), was associated with homomorphic sex-chromosome differentiation levels.
Sex chromosomes vary greatly in the level of differentiation between the homologous chromosomes in the heterogametic sex ( Fig. 1 ). For instance, sex chromosomes are heteromorphic and highly degenerated (i.e., morphologically distinguishable) due to long-term recombination suppression in the heterogametic sex in mammals (XY males), most birds (ZW females), and many insects. In contrast, the sex chromosomes remain largely homomorphic (i.e., morphologically indistinguishable) in both sexes in most amphibians, fishes, non-avian reptiles and flowering plants. Finally, in many turtles, some fishes, and non-avian reptiles, no sex chromosomes have evolved, and sex is largely determined by environmental factors Bachtrog et al. 2014) .
One outstanding question is why sex chromosomes are highly degenerated in some taxa, but remain fully homomorphic in other taxa. The common frog, Rana temporaria, represents an * Both authors contributed equally to this work. † This article corresponds to Phillips, B. C., N. Rodrigues, A. J. van Rensburg, and N. Perrin. 2019 . Phylogeography, more than elevation, accounts for sexchromosome differentiation in Swiss populations of the common frog (Rana temporaria). Evolution. https://doi.org/10.1111/evo.13860. ideal system to provide insights into this question. Common frogs have homomorphic sex chromosomes (XY system), and both genetic and non-genetic sex determination have been documented both within and across populations (Rodrigues et al. 2014) . However, the evolutionary forces or mechanisms underlying withinspecies variation of sex-chromosome differentiation in common frogs are largely unknown.
In this issue, Phillips et al. (2019) sampled R. temporaria populations across a wide range of elevations in Switzerland to identify levels of Y-chromosome differentiation and investigated whether elevation or other factors were associated with sex-chromosome differentiation. The authors assessed X-Y chromosome differentiation levels and allele polymorphism at the Dmrt region (including candidate sex locus Dmrt1) in 2776 individuals (adults and tadpoles) sampled at 92 locations, using 13 sex-linked microsatellites and four Dmrt region markers. The authors identified two main Dmrt1 haplotypes: Y A , which was more often associated with largely well-differentiated Y haplotypes, and Y B , which was associated with primarily not differentiated Y haplotypes ( Fig. 2A) . They further found that X-Y chromosome differentiation levels were weakly associated with elevation, but strongly correlated with phylogeographic signal (i.e., mitochondria haplotypes) linked to postglacial range expansions in Switzerland (see Fig. 2B,C) .
The authors found no strong evidence for a role of climate (measured as elevation) in sex-chromosome differentiation in common frogs at a local scale in Switzerland, contrary to frequent reports of climate effects in some fishes and reptiles . A larger sampling across the common frog distribution throughout Europe would enable the study of the importance of phylogeographic factors at the species scale. The role of demographic processes (e.g., strong population bottlenecks) has also been suggested in the green frog Hyla arborea (Dufresnes et al. 2014 ). These two studies suggest that previously neglected phylogeographic factors, including neutral or selective forces, need to be investigated. Another interesting question related to common frogs is whether the coexistence of males with differentiated and undifferentiated Y chromosomes can be maintained as a stable state over long evolutionary time across the species range. Further studies on Y-chromosome differentiation and Dmrt1 gene expression at key sexual developmental stages across a large geographic distribution would help in the study of sex determination in common frogs (Ma et al. 2018 ). Phillips et al. (2019) study will likely inspire future studies in similar systems with various levels of sex-chromosome differentiation across populations, which could shed light on the early-stage evolution of sex chromosomes. 
